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ABSTRACT 
 The alteration of a stream’s morphology and recovery following a watershed fire is well 
documented in streams where high flow events occur during spring runoff.  However, there are 
very little data regarding the alteration and natural recovery of streams that have high flow 
events during the late summer monsoon rains.  Stout Canyon, a tributary to the East Fork of the 
Virgin River, is located approximately 30 miles southeast of Cedar City, Utah, and is a monsoon-
dominated stream system whose watershed was burned by the Shingle Fire of 2012.  Employees 
of the Dixie National Forest have monitored Stout Canyon since 2002, using Rosgen Field 
Methods.  The alteration and recovery of Stout Canyon after the fire were documented using the 
same methods.  The comparison of the pre-fire and post-fire data demonstrates how the fire 
altered the morphology of Stout Canyon.  The data were also compared to similarly collected 
data from three snow-melt-runoff-dominated streams in the Rocky Mountain area whose 
watersheds have also been disturbed by fires.  Bank full indicators began to reappear at Stout 
Canyon three years after the fire, suggesting that the stream is just beginning to redevelop its 
floodplain.  Some results match the general trends that occur in spring runoff-dominated 
systems.  However, major differences between Stout Canyon and other streams appear in bank 
geometry.  In most streams, the largest changes in bank geometry occur within the first year after 
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the fire with minor alteration occurring in the subsequent years, with bank re-stabilization within 
about three years.  Stout Canyon’s banks, however, saw the most alteration during the second 
year after the fire and it is continuing to undergo major alteration with no signs of stabilizing 
three years after the fire.  This may be a result of the fact that monsoon-caused high-water-events 
vary greatly from year to year, whereas snowmelt-runoff-caused high-water-events are generally 
more consistent.  Through the course of the study, monsoonal rains led to erosion rates that were 
ten times greater than spring runoff.  The inconsistent high water events on streams like Stout 
Canyon make it difficult for the stream banks to stabilize as efficiently and quickly as observed 
on other streams in the Rocky Mountain Region.  The information presented here may be applied 
to other monsoon-dominated-systems to determine proper preventative and restoration methods. 
 
KEY WORDS: forest fire, Rosgen field methods, stream bank alteration, Dixie National Forest, 
East Fork Virgin River watershed, monsoon-dominated stream systems  
 
INTRODUCTION 
 Stout Canyon is a small stream that 
is part of the East Fork of the Virgin River 
Drainage Basin.  The uppermost 
northwestern part of this basin serves as 
Stout Canyon, a sub-watershed of the Virgin 
River.  Stout Canyon drains a total of 4,230 
acres (1711 ha or 8202.8m
2
) (Dixie National 
Forest, 2014).  The northern end of the 
stream runs only during the summer when 
snowmelt and late summer monsoons enter 
the stream from the upper parts of its sub-
watershed (Dixie National Forest, 2014).  
On the other hand, the southern portion of 
the stream runs year round fed by several 
springs both near and within the banks of the 
stream.   
 On July 1, 2012, a forest fire, known 
as the Shingle Fire, on the Dixie National 
Forest burned 8,283 acres (3352 ha or 
111.95m
2
) of forest land in the twelve days 
that it took fire crews to extinguish the fire 
(Kessler, 2012).  The fire was located 
approximately 30 miles (48.3 km) southeast 
of Cedar City and 5 miles (8 km) west of 
Highway 89 (Fig. 1).  A total of 3,114 acres 
1,250 ha or 1910.974 m
2
) within Stout 
Canyon’s sub-watershed burned, resulting in 
de-vegetation and the development of 
hydrophobic soils
 
in 73.6% of Stout 
Canyon’s sub-watershed (Dixie National 
Forest, 2012), (fig. 1).  This watershed is 
unique because it is a monsoon-dominated-
system rather than a spring-runoff-
dominated-system.  This means that late 
summer monsoon rains cause the high water 
events of this watershed rather than spring 
runoff caused by snowmelt.  The changes in 
bank stability and channel morphology 
caused by the watershed being altered by a 
forest fire are well documented on spring-
runoff-dominated-systems such as: Moose 
Creek in Idaho (Simon, 1999), Fishtrap 
Creek in British Columbia (Eaton et al., 
2010), and Buffalo Creek in Colorado 
(Moody and Martin, 2001).  However, the 
effects of watershed damage on monsoon-
dominated-systems, like Stout Canyon, have 
not been studied in as great of depth.  Stout 
Canyon is a unique opportunity to study 
these changes in bank stability and channel 
morphology in monsoon-dominated-systems 
because the Hydrology Crew of the Dixie 
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National Forest has surveyed this stream 
almost annually since 2002.  There is a good 
deal of information about Stout Canyon’s 
conditions before the Shingle Fire that was 
used to establish a baseline.  Here we 
examine the differences in the morphology 
and bank stability of Stout Canyon as 
compared to those of a stream in a spring-
runoff-dominated-system.  
 
 
Figure 1.  Location of the study area in southwestern Utah.  This map outlines the study area’s 
watershed, the fire boundary, and the area of the watershed affected by the fire, approximately 
73.6% of Stout Canyon’s sub-watershed.   
Before the fire, Stout Canyon was a 
typical pool, riffle, run stream.  The stream’s 
substrate was dominantly gravel with 
occasional cobbles.  The substrate was in 
equilibrium with the gravel and cobbles 
being cemented in place by fine silts and 
clays.  The channel had fairly low sinuosity 
with only occasional small meanders.  The 
banks were composed of fine sands and 
were supported by grasses and other plants. 
 
METHODS 
 
 The Stout Canyon survey site was 
established in the summer of 2002, as a 
training location for the Dixie National 
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Forest hydrology crew.  Stout Canyon has 
been surveyed almost annually using the 
Rosgen Stream Survey Method (Rosgen and 
Silvey, 1998).  A metal benchmark cap was 
cemented in place at the survey site 
representing an arbitrary elevation of 100 
feet for which all survey measurements were 
based.  Three cross-section sites were 
established along a 150-foot section of Stout 
Canyon, each site representing a different 
stream feature, such as pool, riffle, or run.  
Two, one-foot long pieces of rebar, referred 
to as pins, are placed on each bank of the 
stream in order to create a line of survey 
perpendicular to the stream.  This ensured 
that the stream could be surveyed in the 
exact same location and distance every year.  
The pins would also have a constant 
elevation.  During the survey, a tape 
measure was used to measure distances 
between the two pins.  Measurements of 
elevation were recorded along the line 
between the two pins by using a Topcon 
AT-G6 survey scope to read a Philadelphia 
Rod.  This allowed for the creation of cross-
sections to illustrate the stream’s 
morphology.  The cross-section data can be 
compared yearly if the arbitrary elevations 
are adjusted so that the end pins have the 
same elevation.  Measurements from year to 
year are slightly different because the levels 
tend to read differently based on the 
operator and machine calibration (Rosgen 
and Silvey, 1998).  The Topcon AT-G6 used 
for these surveys had a precision of 0.03 
feet.    
 Stream slope and sinuosity were 
measured to help monitor changes in stream 
morphology.  The observer would pick two 
points at a riffle upstream of cross-section 
one and at a riffle downstream of cross-
section three.  The distance was measured 
between these two points in both a straight 
line (valley length) and also by following 
the path of the stream (stream length).  A 
value of 1 indicates a straight channel.  The 
stream length was then divided by the valley 
length to determine the stream’s sinuosity.  
Elevation was measured at both the 
upstream and downstream locations to 
determine the rise of the stream, which was 
divided by the stream length (run of the 
stream) to determine the stream’s slope 
(Moody and Martin, 2001).    
 The program WinXSPRO
TM 
(USDA 
Forest Service, 2005)
 
was utilized after 
completion of the stream surveys to 
determine the dimensions of the stream’s 
floodplain.  The data collected from the 
surveys, including stream slopes and 
locations of bank full indicators, were 
entered into the program.  Bank full 
indicators are a measurement of the 
elevation in which flooding begins as water 
enters the floodplain.  On average, this flow 
corresponds with the 1.5-year flood event 
(Rosgen, 1996).  The program calculated 
three measurements of the stream when 
flowing at the bank full elevation: (i) area at 
bank full, (ii) width to depth ratio, and (iii) 
wetted perimeter.  Area at bank full is the 
area that is underwater during a 1.5-year 
flood.  Width to depth ratio is the width of 
the stream divided by the depth of the 
stream.  Wetted perimeter is the perimeter of 
the stream bank that is underwater (Moody 
and Martin, 2001) (fig. 2).  
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Figure 2.  The three cross section dimension measurements: area at bank full (blue), width to 
depth ratio, and wetted perimeter (red).  BI represents the location of the bank full indicators. 
 
The WinXSPRO
TM
 program was 
also used to calculate erosion rates and net 
change in stream bank morphology.  The 
cross-sectional area was calculated similarly 
to the area at bank full measurement.  
However, the area underneath the entire 
stream profile was measured as opposed to 
just the area underneath the bank full 
indicator.  The cross-sectional areas were 
then compared year to year.  The amount of 
cross-sectional area (ft
2
) losses per year was 
recorded as erosion rates.  The percent 
difference is referred to as net difference, 
herein
 
(fig. 3). 
 
Figure 3: The shaded area of this figure represents the cross-section area.  Changes in cross-
section indicators were monitored each survey, allowing for annual area calculations.  The rate, 
at which this cross-section area changes, is referred to as erosion rate, herein.  BI represents the 
location of the bank full indicators. 
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 Photos were taken during each 
survey at each cross-section.  The 
photographer stood within the channel, 
downstream from each cross-section, and 
took pictures of the stream’s channel 
morphology looking upstream.  When 
possible, people were included in the picture 
for scale. 
 ESRI ArcGIS10.2 (Environmental 
Systems Resource Institute, 2014) was 
utilized to determine the size of the fire and 
the sub-watershed of Stout Canyon.  The 
sub-watershed of the survey was determined 
by using a 10-meter Digital Elevation Model 
that was then manipulated using the Fill 
Tool and Flow Direction Tool to create a 
Flow Direction Raster.  The Watershed Tool 
was then used in conjunction with the Flow 
Direction Raster to create a new raster 
representing the area of Stout Canyon’s sub-
watershed.  This raster was converted into a 
polygon feature that was used to determine 
the sub-watershed’s acreage.  A polygon 
representing the boundary of the Shingle 
Fire was used to determine the acreage of 
the fire.  The Overlap Tool was then used on 
both of these polygons to create a new 
polygon that represented the area of the sub-
watershed that was burned by the Shingle 
Fire (Environmental Systems Resource 
Institute, 2014). 
 
STUDY AREA HISTORY 
 
Pre-Fire Conditions of Stout Canyon 
In order to understand the baseline of 
Stout Canyon before the Shingle Fire, the 
three most recent surveys from 2011, 2010, 
and 2008, were examined.  All of these 
surveys were taken during the last week of 
May in their respective years.  Stout Canyon 
has remained remarkably static throughout 
all of the pre-fire surveys; the banks 
remained stable and well vegetated.  Little to 
no erosion or other bank degradation 
occurred at each cross-section during the 
four-year period from 2008 to 2011 (fig. 4).   
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Figure 4. Cross-sectional bank geometries of Stout Canyon before the Shingle Fire at three 
steam features, a pool, riffle, and run (Dixie National Forest, 2014).  Note the little change in 
bank geometry, indicated by the overlap of the lines, from 2008-2011.  This indicates a stabilized 
system for Stout Canyon.  
 
The data collected from these 
surveys was input into WinXSPRO
TM
 and 
cross section dimensions were measured to 
create a numerical representation of the 
cross sections (Table 1).   
 
 Area at Bank Full 
(ft
2
) 
Width to Depth 
Ratio 
Wetted 
Parameter 
Channel Depth 
(ft) 
Cross-Section 1  
2011 2.65 19.08 7.42 0.60 
2008 8.11 5.74 8.08 0.70 
Percent 
Difference 
67.32% 232.62% 8.17% 14.28% 
Cross-Section 2  
2011 2.70 7.40 5.18 0.54 
2008 5.63 9.75 8.06 0.40 
Percent 
Difference 
52.05% 24.12% 35.73% 35.00% 
Cross-Section 3  
2011 4.94 15.85 9.51 0.58 
2008 9.67 12.11 12.07 0.37 
Percent 
Difference 
48.91% 30.96% 21.21% 56.76% 
 
Table 1.  Pre-fire cross-section dimensions of Stout Canyon based on 2008 and 2011 data 
derived from WinXSPRO
TM 
(USDA Forest Service, 2005).  Note the constant nature of the 
measurements.  Data for 2010 was incorrectly collected, evident by the negligible change in 
stream morphology, and therefore not included here.  The photographs and channel morphology 
data demonstrate a more stabilized system. 
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Before the Shingle Fire, Stout Canyon had a 
small erosion rate (Table 2).  Some years the 
stream banks actually experienced 
deposition at roughly the same rate leading 
to Stout Canyon’s banks to be in equilibrium 
(Dixie National Forest, 2014). 
 
Pre-Fire Channel Morphology and Erosion Data 
Survey 
Year 
Sinuosity Slope 
Avg. (2008-2011)   
Erosion Rate (ft
2
/year) 
Avg. (2008-2011) 
 % of Net Bank Change 
2011 1.20 2.68% 
-1.62 -0.83% 
2008 1.20 2.69% 
 
Table 2.  This table shows the pre-fire slope and sinuosity of Stout Canyon.  It also shows the 
pre-fire average erosion rates.  Data for 2010 was incorrectly collected, evident by the negligible 
change in stream morphology, and therefore not included here.  For individual cross-section 
erosion rates refer to Table 3.   
 
 During all of the surveys, Stout 
Canyon had a sinuosity around 1.20, 
meaning that the stream ran almost straight.  
The slope also remained nearly constant 
around 2.68%.  The floodplain was well 
established and its dimensions showed very 
little change from year to year before the fire 
(Table 1).  Based on data collected at other 
stream locations and the cross-sections 
above, the percent difference is more likely 
attributed to user error during the training 
phase of Stout Canyon rather than major 
changes in channel morphology.  
Measurements were taken to monitor the 
stream’s morphological changes after the 
fire. Photographs were also taken to help 
document changes in stream morphology 
(figs. 5). 
 
 
 
Cross-section 1 
May 2011 May 2013 
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October 2013 May 2014 
 
  
 
Cross-section 2 
May 2011 May 2013 
  
October 2013 May 2014 
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Cross-section 3 
May 2011 May 2013 
  
 
October 2013 May 2014 
  
 
Figure 5.  Photos of Stout Canyon aid in documenting changes in stream morphology.  All 
photos were taken looking upstream at the noted cross-section.  Note the decreasing vegetation 
and widening of the cross-section between each survey. 
 
RESULTS 
 
 Stout Canyon was surveyed three 
times since the fire: May 2013, October 
2013, and May 2014.  It was surveyed after 
both monsoon-caused-high-water-events 
(October) and snow-melt-high-water-events 
(May).  The bank’s geometry was altered 
greatly as evident in the cross-sections (fig. 
6).   
 
 
The Compass:  Earth Science Journal of Sigma Gamma Epsilon, v. 88, no. 1, 2016 Page 11 
 
 
 
 
Figure 6.  Cross-sectional bank geometries of Stout Canyon after the Shingle Fire compared to 
pre-fire conditions (2011).  Note the changes of the banks, resulting from fire-caused 
disturbances in the watershed.   
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The data collected from these surveys also 
made it possible to gather erosion rates and 
net change of the banks (Table 3).   
 
  
May 2008 to 
May 2011 
May 2012 to 
October 2013 
(Monsoon 
Rains) 
October 2013 
to May 2014 
(Snowmelt) 
May 2013 to 
May 2014 
Cross-Section 
1 
Erosion Rate 
(ft2/year) 
-11.78 79.02 12.50 45.76 
% of Net 
Bank 
Change 
-9.97% 8.12% 1.27% 9.29% 
Cross-Section 
2 
Erosion Rate 
(ft2/year) 
0.25 119.38 6.32 62.85 
% of Net 
Bank 
Change 
0.22% 14.3% 0.77% 15.39% 
Cross-Section 
3 
Erosion Rate 
(ft2/year) 
6.66 58.98 5.60 32.29 
% of Net 
Bank 
Change 
7.25% 9.87% 0.93% 10.70% 
 
Table 3.  Average erosion rates and net change over all three cross-sections of Stout Canyon’s 
banks as collected during the survey period.  Note the increasing erosion rate after the fire occurs 
in 2012.  Also note the drastic difference between the monsoon erosion rate (May 2013-Oct. 
2013) and the snowmelt erosion rate (Oct. 2013 to May 2014). 
 
Cross-section dimensions were again 
measured when the bank full indicators were 
observed during the May 2014 survey.  
Sinuosity and slope were measured during 
each survey.  These measurements are 
compared with the pre-fire measurements in 
Table 4. 
 
 May 2011 May 2013 October 2013 May 2014 
Sinuosity 1.20 1.67 1.21 1.12 
Slope 2.68% 2.23% 2.57% 2.93% 
 
Table 4. The sinuosity and slope of Stout Canyon as recorded during each survey.  Note the 
decreasing sinuosity and increasing slope. 
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The cross section dimensions of 
Stout Canyon are compared to one another 
to provide numerical data to represent the 
alteration caused by the forest fire. 
 
 Area at Bank Full 
(ft
2
) 
Width to Depth 
Ratio 
Wetted Parameter Channel Depth 
(ft) 
Cross-Section 1 
2014  
Post Fire 
4.12 20.86 9.46 0.05 
2011 Pre-Fire 2.65 19.08 7.42 0.60 
Percent 
Difference 
55.47% 9.34% 27.49% 91.67% 
Cross-Section 2 
2014  
Post Fire 
21.99 10.63 16.72 0.10 
2011 Pre-Fire 2.70 7.40 5.18 0.54 
Percent 
Difference 
714.44% 43.66% 222.78% 81.48% 
Cross-Section 3 
2014  
Post Fire 
49.31 10.83 26.67 0.20 
2011 Pre-Fire 4.94 15.85 9.51 0.58 
Percent 
Difference 
898.18% 31.69% 180.44% 65.52% 
 
Table 5. This table shows a comparison of pre-fire and post-fire cross-section dimensions.  Note 
the large percent changes suggesting that the fire drastically altered Stout Canyon. 
 
 
 
DISCUSSION 
 
Forest fires are a common 
disturbance that frequently affects 
watersheds and their streams.  Changes that 
occur in streams as a result of a burned 
watershed, such as alteration of bank 
geometry and change in sediment load size 
are well documented (Simon, 1999).  These 
changes occur because wildfires “change the 
infiltration properties of soils on a hill slope 
and reduce the amount of interception 
materials” (Simon, 1999).  This leads to an 
increase runoff of water and sediment 
entering into the stream channel.   
Easily the most recognizable fire-
induced change to a stream is its bank 
stability.  It has been noted that the stream 
bank’s geometry is changed by swifter 
moving water from the increased runoff and 
a lack of supportive vegetation along the 
upstream banks.  As described by Eaton et 
al. (2010), the spring-runoff-dominated 
stream’s width will increase in straight 
sections of the stream and pre-existing 
meanders will increase in size, thus 
increasing the stream’s sinuosity (Simon, 
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1999).  Banks will continue to erode and 
change their geometry for up to four years 
following a fire (Eaton et al., 2010).  
However, most of the change occurs during 
the first year after the fire with a net 
difference as high as 15% in the first year 
following the fire, with net differences 
falling as a low as 2% in the later years 
(Eaton et al., 2010). 
Relaxation time, the amount of time 
needed for the stream to return to its pre-fire 
conditions, is also measured and important 
to understand stream dynamics.  It takes 
about three years for the stream bank’s 
geometry to become stable once again and 
as many as forty years for the banks and 
vegetation to return to pre-fire conditions 
(Eaton et al., 2010). 
Stout Canyon showed some 
abnormalities in how its stream morphology 
changed after the fire altered its watershed.  
One of the major differences was in its bank 
geometry and stability.  Its first year net 
difference was 6.25%, which is lower than 
the 15% net change that was expected by the 
literature (Eaton et al., 2010).  The literature 
states that the first year should be when the 
largest net difference occurs (Eaton et al., 
2010).  However, in the case of Stout 
Canyon, the largest net difference was 
10.91%, which occurred about 1.5 years 
after the fire during the monsoon rains.  
Another surprising difference was that after 
Stout Canyon’s sinuosity initially increased, 
it began a decreasing trend rather than the 
expected increasing trend.  It is also 
observed that Stout Canyon’s post-fire 
cross-section is significantly wider and 
shallower than its pre-fire cross-section.  
The final difference between Stout Canyon 
and the reference streams is that it had a 
decreased sinuosity atypical of the usual 
increase in sinuosity.  This is due to the fact 
that so much bank alteration occurred that 
the stream blew out the meanders and 
rerouted itself into a straight stretch.   
 These differences are attributed to 
the fact that Stout Canyon is a monsoon-
dominated-system.  The fact that monsoons 
will have a greater impact on stream 
morphology than snowmelt is proven by the 
fact that the monsoon rains caused an 
average erosion rate of 85.79 ft
2
/year, 
whereas the snowmelt caused an average 
erosion rate of only 8.14 ft
2
/year (Table 3).  
It is the belief of the authors that the violent 
and sudden nature of monsoon-caused-high-
water-events is the main factor behind Stout 
Canyon’s banks taking longer to re-stabilize 
when compared to other streams that are 
part of snow-melt-dominated-systems. 
 
CONCLUSION and FOLLOW-UP 
STUDIES 
 
 This research suggests that 
monsoonal rains play a critical role in 
stream morphology in the Southern Utah 
region.  Due to this fact, streams of 
monsoon-dominated-systems will react 
differently to stimuli as opposed to their 
counterparts whose high water events come 
from snowmelt.  This means that watershed 
management approaches should be adapted 
to fit these unique systems.  An example of 
this adaptation would be to lay hay and other 
interception materials on watersheds not 
only in consideration for snowmelt but also 
monsoonal rains.  Interception material 
should also be place on multiple occasions 
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due to the extended time required to re-
stabilize the banks. 
 The authors acknowledge that this is 
a small sample size and that more work 
needs to be done in the area to continue to 
validate their results.  It is suggested that 
these methods be repeated on other streams 
in the Southern Utah Region.  These other 
streams should all be part of monsoon-
dominated-systems, but should have a 
variety of lithologies, uses, and development 
associated with them.  It would also be ideal 
to study how stimuli besides fire affect these 
unique streams.   
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